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June , 1984
This issue of SCHOLARSHIP• IN• REVIEW is
part of a continu ing and selected series of publications of the Office of Graduate Studies and Research
designed to offer some gl impses of the research and
scholarly work of the Central Washington University
faculty. Research and scholarly activities have been,
and continue to be, an integral part of the academic
process . Research facilitates the learning process of
both facu lty and students and enables the University
as a whole to improve its quality and va lue to the
public it serves .
As a regional public university, Central
Wash ington University is especially cog nizant of its
responsibilities to serve public agencies and other
organ izations in cent ra l Washi ngton and throughout
t he state. Many of the articles in th is publication
describe research and field investigat ions for agencies
wh ich have contracted with the Un iversity through
the Office of Graduate Studies and Resea rch . The
Un iversity acknowledges the support of such agencies
and , in turn , views such work as an essential component to its teaching functions, as well as a visib le sign
of its commitment to t he excellence that its students
rely upon w hen they seek degrees at the Un iversity.
We seek to reduce the distance between the
Universi ty and the broader community of the reg ion
and the state that we serve, so as to develop fu rther
collaborations of our facul ty and students w ith
government officials and agencies , politica l and
business leaders and others on issues and problems
where our expertise can be helpful.
Inquiries for information on activities of the
University rela t ing to advanced st udy and research
and sponsored grants and contracts or comments and
criti ques on th is publication can be directed to me .

Cen tral Washington University Campus

Dale R. Com stock
DEA N

Acid Deposition
and Lake
Susceptibility in
the Washington
Cascades
Robin Lake in Alpine Lakes W ilderness area .

Introduction
Acid rain has become one of
the prom inent environmental
concerns of recent years. First
described in England over 100
years ago, observations of this
phenomena are now common
down wind from sources where
fossil fuels are consumed, where
sulfur containing ores are smelted,
or where natural sulfur containing
materials are in contact with the
atmosphere (volcanoes, etc .).
Sulfur and nitrogen oxides,
and in some cases hydrogen
chloride and hydrogen fluoride, are
the principal acid form ing
compounds injected into the
atmosphere by man. They may be
transported hundreds of miles from
their sources by air currents before
deposition as aerosols, absorbed
matter on particulates, or in
aqueous solutions . Acid deposition
is the co llective name for the
phenomena described above. It
causes undesirable effects ranging
from reactions leading to corrosion
of materials through the
accumu lation of such compounds
in surface waters with resu ltant
toxic effects on the life in those
waters .
The Cascade mountain range
extends north-south through the
state of Washington with the crest

generally lying east and downwind
of Puget Sound urban centers .
Moist Pacific marine air sweeps
from the west over the coastal and
urban Puget Sound area then over
the Cascades. There is heavy
precipitation in the mountains
between the fall and the spring .
Normally more than 65% of the
precipitation wi ll accumulate as
snowpack, as much as 400 in.
above 4,000 ft. The quantity of
precipitation generally increases as
elevation rises up to the Cascade
crest from the west side, then
decreases proportionately w ith
loweri ng elevation on the east
side .
Central Washington University
studies (1978-Logan and
1981 -Derby) indicated that the
precipitation falling on the
Cascades in the Snoqualmie Pass
region (Fig. 1) contains strong acid
pollutants. The yearly vo lume
weighted average pH of deposition
falling in the Snoqualmie pass
region of the crest was estimated
to be 4.7 for 1981. For reference,
dust free precipitation that has not
been contaminated with strong
acid would show a pH of about
5.6. Since the quantity of
precipitation general ly increases
w ith elevation in the Cascades, the

higher elevations are impacted
with appreciable quantities of
strong acid and su lfate in a
season . Approximately 46 milliequ iva lent H + /m 2 -yr., and 15.8
Kg SO/ ha .-yr . are deposited at
the 4,000 ft. level.
In other regions of the world
lake acidification has been
observed where precipitation pH
falls below 4.6 and where sulfate
deposition exceeds 15
Kg-SO/ha.-yr. There is concern
that the alpine waters of the
Washington Cascades might be or
might have been affected by
su bstantial acid deposition levels.
The effects on lakes would depend
on the extent of fall out from
urban plumes, precipitation levels,
land uses, and the sensitivity of
strata. Those factors vary among
locations along the crest of the
Cascades. There was, until
recently, insufficient data avai lable
to comment on either the quantity
of acid fall ing on the Cascades or
the effects, if any, of t he
deposition on receptors of the
area.
In 1980 Central Washington
University faculty and students
initiated a program to identify the
status of the alpine waters of the
state with respect to acidification
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or potentia l acidification . To
achieve this goal we proposed
sampling and studying
fepresentative waters from each
region of the state (Fig. 1l.
Duri ng the summer of 1980
nine lakes in the A lpine Lakes
Wilderness Area (ALWA) were
sampled. This preliminary effort
obtained information on those
wate rs and also established
methodology for future work . In
the fol lowing summer thirty-one
watershed source lakes situated in
the A lpine Lakes Wilderness Area
(A LWA) and two reservoirs, all
located between Snoqualmie Pass
and Stevens Pass, were sampled .
Several lakes in the same region
were resampled by U.S. Forest
Service or University personnel in
the summer of 1982 with analyses
carried out at CWU . One lake
(Glacier) was sampled six times at
two week interva ls from early in

Figure 1. Location of Lakes and Preci pitation Collectors.
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the "melt out" season through
early fa ll to monitor the pattern of
surface compositional changes
throughout the summer season.
Then, in the summer of 1983
selected watershed source lakes
north of Stevens Pass (Fig . 1)
were sampled to learn the status
of waters in that region of the
state (Table 1).

Background
The lakes of the Cascades
sampled to date have generally
been clear with low concentrations
of dissolved matter (oligotrophic).
The slopes about those waters
typically consist of thin top soil, if
any, or exposed rock . The lakes
are primarily supplied by snow
melt w ith the melt rate influenced
by many factors . Typically the
lakes high in the Cascades are ice

free from late July to mid August.
The strata about the lakes
generally becomes free of snow at
about the same time. During any
particular sampling season a group
of lakes large enough and inclusive
enough to represent the population
of a region was chosen and
samples were taken once during
the ice free period. Samples were
then transported to Central and
were stored at 4°C until pH,
alkalinity and conductivity, as well
as calcium, magnesium, sodium,
potassium, su lfate, nitrate, and
ch loride concentrations could be
determined.
The alkal inity or more
correctly the acid neutralizing
capacity (ANC) of a lake is
considered to be the key indicator
of a lake's status with respect to
acidification or potential
acidification . Precipitation contains

Tabla 1. Lake Chemistry 1983 Survey.
LAKE NAME

ELEV .

DATE

pH

ANC

SO,

ACID I·
FICATION
INDEX
AVERAGE STD . DEV.

MEO .

NORTH CASCADES

BLUE
CUTTHROAT
ANN
RAINEY

6254
4935
5475
4790

201/83
201/83
202/83
202/83

7.73
7.19
7.50
7.63

246.00
65.20
214.00
220.00

UPPER OVAL
CRATER
EAGLE
MARTIN
COONEY
CUB
BOILING
BERNICE
SUNRISE
SUPRISE

6400
6900
6400
7000
7300
5300
6900
7400
7300
6100

213/ 83
213/83
213/ 83
213/83
213/83
213/83
213/ 83
213/83
213/83
213/83

7.34
6.74
6.80
6.86
6.70
6.70
6.86
6.75
7.28
6.91

HOLDEN
LYMAN
IMAGE
HART

5275
5887
6050
3956

213/83
222/ 38
222/83
223/83

7.04
6.81
7.03
6.97

CUP
HEATHER
GLASSES
GROUSE
PEACH
TOP
VALHALLA
PEAR
LITCHENWASSER
JANUS

4600
3890
4750
4400
4800
4700
5050
4800
4754
4220

227/83
227/83
227/83
227/83
227/83
227 /83
227/83
227/83
227/83
227/83

7.01
6.99
7.16
7.04
6.76
6.68
7.11
6.70
7.00
6.82

GLACIER
L.PARK
PARK
PARK

4750
4510
4700
4700

257/83
258/83
259/83
290/83

42.81
9.96
11 .08
41 .10

28.00
-3.63
-0.70
24.24

12.0

16.4

12.4

SAWTOOTH RANGE

200.00
67.00
62.60
69.40
76.60
76.60
82.20
46.40
168.40
107.00

71 .10
21 .90
24.00
14.90
8.20
8.20
23.70
7.74
60.60
10.50

37.06
-19.38
-1.27
-8.16
-20.64
-20.64
-5.76
-10.27
25.43
-11 .45

17.10
91 .30
23.80
55. 70

2.86
87 .63
-4.58
39.55

-2.8

20.8

-8.2

22.8

41.2

2.9

-5.3

12.9

-3.1

21 .5

19.6

24.9

STEVENS PASS

105.60
75.60
79.40
96.00
55.20
39.00
93.20
42.40
97.60
69.00

12.90
18.60
11.40
9.60
9.30
15.90
10.90
9.60
13.70
14.30

-38.99
2.39
0.41
-5.91
-8.34
10.60
-3.11
-2.91
-3.96
-3.12

LOWER ALPINE LAKES WILDERNESS

7.08
5.57
5.82
5.80
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40.80
2.46
2.94
3.40

13.31
57.00
41 .99
41 .46

0.42
39.13
23.91
25.63

Cation-Al-Silicate + H2 C0 3 +
H20 = HC0 3 + H4 Si0 4 + Cation
+ Al-Silicate
where Cation = Ca,Mg,Na,or K
(1)

Note that the weatheri ng
reaction introduces H C0 3(alka linity)
and metal ions (cations) into the
natural water. The quantity of
alkalinity (Acid Neutralizing
Capacity) depends in part on the
rate at which carbonate
weathering takes place for given
strata. If the charging waters
contain pollutant strong acid, the
lake ANC will be further reduced
bv reaction with that H +
according to equation (2). This
acidification process has affected
lakes and streams in other parts of
the world.
(2) H + (strong acid)
H2 C0 3

RAILROAD CREEK

93.60
51 .60
169.20
71 .20

carbonic acid (due to carbon
dioxide dissolved from the air) and
contaminant strong acids . When a
carbonic acid solution interacts
with mineral strata (weathering) or
soil (weathering and exchange) on
the way to a lake or in a lake,
bicarbonate, which has an ANC, is
introduced into the water. For
example, the carbonate weathering
of aluminum silicate in basaltic and
granitic rock (as found in the
Cascades) can be described by the
general equation (1).

+ HC03 =

ANC expresses the amount of
strong acid needed to convert a
specific volume of lake water to a
solution of carbonic acid with pH
of 5.6. It can be seen that waters
might show low ANC values
because of slow weathering rates or
because the rate of introduction of
strong acid is comparable to the
rate of weathering. Acidification
may be signaled if the cation
concentrations are abnormally
higher than the ANC of the water.
ANC values of less than 100
indicate waters that are highly
sensitive to strong acid input
(poorly buffered) .
The water pH is an intensive
parameter. It describes the ionic
status of a water in terms of the
activity of the reactive ion H + .

Different living organisms show
different viabilities over different
pH ranges . When pH's are below
that of carbonic acid (5.6) they are
toxic to all but the hard iest lake
species.
The range 5.6 to 6.5 is
stressful and toxic to some, whi le
pH's of 6.5 to 8.0 are quite
acceptable to most organ isms.
ANC and pH are related . If a
water is in equi librium with
atmospheric carbon dioxide and
the ANC is known, the pH can be
predicted . The relationship is
exponential ( Fig . 2) . It can be seen
that at lower ANC va lues a small
reduction in ANC due to
acidification wou ld result in a
relatively large drop in pH
compared to the same acidification
of water which originally had a
higher ANC.
Calcium, magnesium, sodium,
and potassium concentrations yield
in formation concerning the
weathering history of the lake
water. Those materials may be
present because of the weathering
of airborn particulates, in teractions
of filling water with surrounding or
lake strata, or source contributions
of saline aerosol into the
precipitation which ultimately
supplies the lake.
Sulfate may be present as a
result of strong acid contamination
in precipitation, weathering
reactions involving strata, or
because of the saline aerosol
content of precipitation. The
concentration of sulfate is used as
an indicator of the quantity of
strong acid in the precipitation that
supplied the lakes.

Results and Discussion
In summer 1982, the outlet
surface composition of a lake was
mon itored from early summer to
early fall to learn the magnitude of
fluctuations in the measured
parameters mentioned above
during a summer season. Glacier
Lake (elevation 4,750 ft .) served as
the test lake with samples taken
six times at approximate 14-day
intervals starting on July 9. The
observations summarized (Table 2)
suggest that representative

water as a weathering medium
prior to snow melt . The ANC and
totai cation concentrations were
significantly larger after ice out.
Also, the ratio of sulfate
concentration to ANC and the
ratio of sulfate concentration to
tota l cation both decreased after
the second sample date (snow
melt). The general models assume
sulfate to be precipitation derived
while ANC and cation content are
assumed to result from
weathering. Eliminati ng the premelt out period Glacier Lake ANC
values ranged from 31 .6 to 38 .6
tJeq/I over an eight week time
span.
Glacier Lake was also sampled
at surface and at 16 ft., 23 ft ., and
43 ft. depths on 9/1/82 (Table 3) .
The data indicated thermal and
chemical stratification . The more
dilute surface filling water must

samples can only be obtained
when a lake and surrounding strata
are essentially free of snow or ice.
Glacier Lake and the surrounding
area were more the 80% snow
covered on the first (7 /9/82) and
second (7 /21 /82) sampling periods
whi le by the third (8/4/82) the
system was less than 25% snow
covered. The ANC values changed
from 21 microequivalents per liter
(,ueq/1) on the first two sampling
days to a high of 38.61Jeq/ I on
August 20 to 32 .6 µeq/I at the last
sampling on September 16, 1982.
The dramatic increase in alkalinity
(ANC) observed on the third
sampling was accompanied by
jumps in conductivity, in the cation
concentrations and, to a lesser
extent, in the sulfate
concentration.
The observations reflect a
lesser participation of lake supply

Figure 2. Relationships of pH and ANC .
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warm and form the lake epilimnion
prior to fall turnover. There may
also be subsurface filling with
weathered ground water.
Glacier has been sampled since
the summer of 1980 to identify
possible changes of ANC . A
discernible change in ANC has not
occurred during that time period
(Table 2).
In the summer of 1983 an
additional thirty watershed source
lakes (twenty-eight in the north
portion of the state and two in the
central Cascades) were sampled to

Table 3. Stratification of Glacier Lake .
DEPTH (FT.I TEMP (Cl ANC ( ,(Jeq.l)

Surface
-16
-23
-42

9

32.6

8

34.8

6
5

35.0
41.2

define their status. The ANC and
pH observations are discussed
below (Table 4) . The data on ten
lakes along the Cascade crest
located within a region
approximately seventeen miles
north of Stevens Pass is averaged
and labeled as S. The data on ten
lakes located on or about the crest
of the eastern ridge of the land
bounding Lake Chelan (Sawtooth
Range) is designated ST. The data
on three lakes located west of
Lake Chelan along the Ra ilroad
Creek drainage is averaged and
labeled RR . The data derived on
four lakes in the summit region of
the North Cascades Pass is
averaged and labeled NC . Finally
the data obtained on two lakes in
the southern portion of the Alpine
Lakes Wi lderness area is averaged
and labeled SALWA .
Conclusions
The observations included in
the Glacier Lake study suggest
that we can surface sample a
source lake one time after ice-out
and that the compositional data
obtained will represent the status
of that lake for that season .
Overall the crest lakes of the
Cascades sampled to date are
&/CENTRAL WASHINGTON UNIVERSITY

Table 2. Glacier Lake Chemistry.

ELEV.

4750

SAMPLE
DATE

pH

ANC

S0 4

ACIDIFICATION
INDEX

205/80
196/81
191/82
202/82
216/82
232/82
244/82
259/82
257/83

6.70
6.65
6.50
6.71
6.86
6.90
6.80
6.73
7.08

33.00
30.60
21.00
21.00
33.00
38.60
32.60
31.60
40.80

11.80
9.30
10.30
8.70
10.32
12.20
11.62
11.40
13.31

2.95
2.95
6.91
4.19
6.68
4.68
8.47
8.69
0.42

alkaline . The ANC values generally
are low, indicating that the waters
are "highly sensitive" to acid
input. The compositional data
acquired to date does not indicate
any significant ANC changes since
1980 nor does it indicate that
acidification has occurred in the
Cascades north of Snoqualmie
Pass.
The influence of strata must
be carefully considered when
commenting on the apparent
observation of regional lake
acidification or on the causes of
acidification when the data base
consists only of observations on a
few lakes. Two lakes in the
SALWA sampled in the summer of
1983 showed pH values which are
in the toxic region . Their average
ANC values indicate that they are
almost acid (Table 4). Also the
ANC of the Cascade lakes seems
to increase as distances from the
urban centers increases (Table 4).
Those observations may or may
not represent a relationship and
should only be considered as an
indicator of the need for further
study.
Future studies will be directed
toward identifying the status of

lakes south of Snoqualmie Pass,
toward long term monitoring of
selected lakes, toward further
characterization of the composition
of deposition falling on the
Cascades, and toward
understanding the source-receptor
relationships in the state.
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Table 4. Summary Lake Data Washington Cascades: ANC and pH Averages.
LAKE GROUP

N

VEAR
,ueq/1

ANC (S .D.I

pH (S.D .I

NC

4

RR
ST

3
10
10

ALWA
SALWA

29

1983
1983
1983
1983
1982
1983

186 (92)
72 (21)
93 (42)
75 (23)
58 (41)

7.51 (.23)
6.89 (.13)
6.90 (.20)
6.92 (.17)
6.78 (.38)
5.68 (.10)

s

2

3 (1)

Scenes from
Eastern
Washington

In recent years, among other
art work, Professor Stillman has
completed six major paintings for
the Washington State Arts
Commission, all of which involved
landscapes situated in eastern
Washington. They include a view
of snow-covered Mt. Cleman
outside Naches, Canada geese in
the migratory bird sanctuary near
Burbank, a late summer wheat
harvest, a dairy farm, a vineyard,
and an apple orchard in the spring.

The latter four are sights well known in Kittitas County.
Although the shape which the
subject matter has taken is
considered real ism, his own
aesthetic viewpoint has continued
to mold the form and content .
To prepare the panels,
Stillman first cradled masonite or
hardboard on 1" X 4" stretcher
bars, then stretched canvas over
the masonite surface and sized it
with rabbitskin glue. Over this he

Evening Gathering • 48" X 48" oil emulsion on panel • Kittitas Series
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stretched wet BFK 100 percent rag
paper and allowed it to dry before
sanding with 00 sandpaper. Finally,
using acrylic resin, the paper
surface was sized in order to
isolate it from the pigment
emu lsion w ith which he paints .
The emu lsion is made of one part
damar to one part oil to one part
egg . Oil pigments are added in
greater or lesser amounts to give
the color sought.
Some of the imagery was
drawn on the prepared su rface of
the panel with each area treated
separately for it to be at the right
stage of wetness or dryness to
support the graphite that made up
a dot structure. The emulsion
behaves in many ways like a glaze
and he often used several layers
before adding the graphite dot.
The dots were employed to create
spatial ambiguities across the
picture plane and produce an
optical surface. To control the
dots' size and position each was
applied manually. In certa in areas
of heavy pigmentation the dot was
applied while the surface was stil l
very wet and produced a
"reversed" or wh ite dot. The
contrast serves as a modulator to
interest the eye as it travels over
the painting's perceived surface.
This method of pa inting grew
out of a serial investigation of art
work on paper. In 1975, as a
preliminary to the execution of
some etchings, Professor Stillman
decided to search out techniques
su itable both to his style and the
constraints which etching places
on elucidating tona l values . As he
worked, he evolved a system that
achieved a much greater optical
and emotional range than hoped.
Surface luminosity as well as
depth of il lusion emerged
intensified. He applied the
technique to a few etchings made
as studies for various
commissioned landscapes, but it
also become a major addition to
his style of painting.
Th"e discovery has occupied
him ever since. It has provided
another avenue by which he can
explore how the eye resolves and
objectifies an image. This is one of
8/CENTRAL WASH INGTON UN IVERSITY

Trellised Vineyard• 48" X 48" oil emulsion on panel • Kittitas Series

his primary interests in painting,
because it is central to a question
which art constantly reformulates :
can aesthetic value be inherent in
subject matter? The academism of
each age has answered differently.
In the mid-twentieth century a
reply was enunciated in a letter by
Mark Rothko and Adolph Gottlieb
to a critic writing in The New York
Times. They argued that there is
no such thing as a painting about
nothing and that all painting must
be about something and wil l derive
the most virtue from the most
timeless theme (Mark Rothko and
Adolph Gottl ieb, Letter to The
New York Times, Sunday , June
13, 1943, Section 2, p . 9) . Yet
even today a majority of the
genera l public w ill judge the work
of those two painters (as well as
the work of countless other artists)
as "about noth ing" because their
imagery lacks familiar form . A rtist,

publ ic and critic are forever
engaged in this exchange, which
can be humorous, humorless,
heated or violent. The artist,
however, has already moved on to
other considerations.
Whatever the subject matter
that engages the artist, whether it
inspires or not (or even offends or
revolts). the artist structures his or
her work on a level less obvious
than the surface perceived by the
usual viewer. This does not negate
the content of a painting, but
rather affirms that a level of nonobjectivity exists in all areas w ithin
a picture. Surface tactil ity, color,
form, li ne and mass, as well as the
play between light and dark, all
constitute other considerations.
Thus any artist evolves a personal
aesthetic.
Stillman has found that within
his own work, no matter if he
deals w ith a so-called abstract

Seminar Wheat Harvest • 48" X 48" oil emulsion on panel
Kittitas Series

form selected by himself or a
particular recognizable form
commissioned by someone else,
he continues to pursue an
aesthetic that functions throughout
equally . During the past decade he
has worked in what is regarded as
a "realistic" manner. Nonetheless,
he always focused his interests on
spatial ambiguities, atomized form
and how the eye resolves these
problems . He is not as concerned
with manipulating subject matter
as he is with refracting light and
structuring a surface to create the
illusion of space.
In the works illustrated here,
all of which hang in public places
in Washington State, he has
deliberately chosen subject matter
that is able to involve the genera l
public with its familiar everyday
imagery (although some aspects,
like the feathers on a Canada
goose, have led him into rather
arcane research) . Because Sti llman
believes that all artists wo rk for an
audience and are fortunate to be

Canada Geese At Burbank• Burbank-Tricity area • 48" X 72" oil emulsion on panel • Burbank High School
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Clemen Mountains At Naches• 48" X 60" oil emulsion on panel • Naches High School • Wash. Art Comm .

able to determine that audience in
advance, he is particularly gratified
w hen someone steps forward out
of the group to comment on the
spatial illusionism that his paintings
may have achieved .
The majority of the
commissions which Stillman has
recently undertaken for public
places are located in eastern
Washington. The sites are
listed here in chronolog ical order
of the work's completion .
1. Lacrosse at the High
School Complex: a mural on metal
depicting the local grain elevator in
its immediate landscape.
2. Medical Lake at the High
School Complex : photographs of
local native flora .
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3. Naches at the High School:
a landscape of Mount Cleman in
egg-oil medium on a prepared
panel.
4. Burbank at the High
School: a gaggle of Canada geese
in the local landscape in egg-oil
medium on a prepared panel.
5. Seattle Public Buildings'
Portable Works Collection : a
graphite drawi ng of lake reeds for
the Seattle Municipal Water
Works .
6. Omak at the High School : a
mural on metal depicting various
sports taught at the school.
7. The Washington State
Ferry Kitti tas based at Seattle : four
scenes depicting agricu ltural
pu rsu its in Kittitas county in egg-

oil medium on four separate
prepared panels ■
Professor George Stillman
ART

Giardia,
Voles and Human
Illness
Streams in the Washington
Cascades may be clear, cold and
free runn ing; they can look, smell
and taste good . However, these
indicators sometimes mistakenly
lead hikers, backpackers or
campers to assume that natural
water is safe to drink . The price of
that nice cold drink could mean
days of giardiasis, with abdom inal
cramps, nausea and diarrhea .
Giardiasis is caused by a
single-celled, flagellated protozoan ,
Giardia /amblia, a parasite first
observed in 1681 by a Dutch

0

•

Figure 1. Stained Giardia trophozoi te.
Magnification. X 1,000.

Figure 2. Stained Giardia cyst. Magnification , X 1,000.

microscopist, Antony van
Leeuwenhoek, who found it in his
own feces . In the upper part of the
intestinal tract the protozoan
appears as a tear-drop shaped
organism with two nuclei ( Fig . 1).
It possesses a ventral adhesive disc
which fits nicely over the surface
of a single epithelial cell. A dense
coating of these organisms on the
intestinal epithelium interferes with
the absorption of fats and other
nutrients, which probably triggers
the onset of disease . As the
parasite moves down the intestine
and reaches the colon it changes
into a resistant stage called a cyst
( Fig . 2). The cyst stage is the form
of the parasite which must be
ingested to cause disease. It is
thought that a period of maturation
is necessary before these cysts
become infective for a new host.
The incubation period for
giardiasis is usually eight to fourteen
days, but symptoms may occur as
soon as three days after exposure
or as long as three weeks
following ingestion of viable cysts.
A person infected with this
parasite may be asymptomatic and
merely carry the organism in the
intestinal tract. Alternately a
combination of symptoms may be
experienced . Typical symptoms of
giardiasis are intermittent nausea,
abdominal cramps, distension,
flatulence and diarrhea. In more
severe cases weight loss may
occur due to malabsorption. The
diagnosis of giardiasis is made by
finding the parasite in the stool. To
rid a host of the parasite,
treatment with flagyl
(metronidazole) or other
antiprotozoan drugs usually is
necessary although occasionally
the infection subsides without
treatment.
Wild animals such as beaver,
muskrat and probably other
mammals such as water voles may
act as reservoirs for this parasite.
They contaminate the pristine
waters with fecal material
deposited directly into or in close
proximity to the streams and lakes.
We have found that a number of
animal hosts are infected year
around with Giardia, so the
CENTRAL WASHINGTON UN IVERSITY / / 11

problem is not limited to a
particular time of the year.
However, it is diagnosed more
often in the summer because of
increased number of recreationists
in the mountainous area .
In recent years several
outbreaks of human diarrheal
disease associated with Giardia
have occu rred in various rural and
mountainous areas of the Pacific
Northwest. Some of these affected
recreationists frequenting high
mountain areas whi le others have
been associated with municipal
water systems .
During the fall of 1978,
seventeen of twenty-three
members of a brush disposal crew
working in the Olympic National
Forest contracted Giardia
infections. Their drinking water
source was a tank truck filled from
a beaver pond .
In the spring of 1980, an
outbreak of waterborne giardiasis
occurred in Leavenworth,
Washington, a Bavarian-style
village situated in the ra in shadow
of the Central Wash ing ton
Cascades. A study of Leavenworth
water users showed that 27%
reported symptoms of giardiasis. A
breakdown in the city's filtration
plant was the apparent reason for
this outbreak.
Following a University of
Wash ington field trip (September
3-19, 1980) to a Catholic retreat
center near Leavenworth,
Wash ington, twenty of seventynine persons experienced illness
compatible with the case definition
of giardiasis. A number of these
cases were positively diagnosed as
giardiasis through laboratory
testing . Several of the individuals
that were infected had drunk from
the Icicle River.
Another outbreak of giardiasis
occurred in Missou la, Montana
during the summer of 1983. Three
hundred forty-seven cases were
confirmed with many others
treated for the disease but not
confirmed . An infected beaver
trapped from the intake pond and
several other infected large
mamma ls were found in the
vicinity of the reservoir that
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supplies the water for the
municipa l water system. Our
laboratory analyzed thirty-one feca l
samples taken from the runways of
Microtus and other small mammals
at various places along Rattlesnake
Creek (water source for Missoula) .
Twenty-three of the samples were
positive for Giardia (74%) .
Preliminary data from our
laboratory indicate that Giardia of
the lamblia-type occur in
significant numbers in water voles
and other small mammals that
inhabit alpine meadows. Up to 1.3
X 10'4 cysts per gram of fecal
material have been found in these
animals. While popula tion densities
of these rodents vary considerably,
as many as 350 animals per
hectare have been reported . These
animals also are found at much
higher elevations than beaver or
muskrat. Since water voles and
other small roden ts constitute a
significant proportion of the
biomass in mountainous areas and
since they shed large numbers of
Giardia cysts, they may represent
an important source of
contamination of water supplies .
Work in our laboratory is
currently under way to investigate
the role of water voles and other
small mammals in the transmission
of Giardia to humans. Specific
objectives of this research are to:
( 1) determine to what extent
rodents (prima ri ly water voles) and
other small mammals found along
mountain streams utilized by
municipalities and outdoor
recreation users for drinking water
are infected w ith Giardia, (2)
determine if there is a difference in
the percentage of animals positive
for infections in areas receiving
much human use as opposed to
those areas receiving very little or
no human use, (3) quantitate
Giardia infections in populations of
water voles and other mammals
and determine their potential to
cause a deterioration of water
qual ity, and (4) study cross
transmission of Giardia utilizing
human-source Giardia to infect
water voles that are free of these
organisms. This project is
sponsored by a research grant

from the Environmental Protection
Agency and w ill extend over a
period of two years . One graduate
student and a part-time research
associate are supported by this
grant.
Early results of this project
have shown that 61 % of fecal
samples from alpine meadow voles
from the central Washington
Cascades are positive for Giardia.
The dimensions of both the
trophozoite and cyst fit well into
the parameters given for Giardia
/amblia (the specific organism
which infects humans) . Many of
the cysts observed possessed
claw-shaped median bodies rather
than round ones wh ich
characterize (Giardia muris (a
common species in the house
mouse, rat and hamster) .
Furthermore, we have found that a
single water vole (Microtus
richardsoni) can pass as many as
1,700,000 cysts in a 24-hou r
period.
The behavior of these animals
in the laboratory points to their
importance as a potential source of
water contamination . It has been
noted that the Richardson vole
usually defecates into water pools
that are provided rather than in
nests or runways . If the habits of
these animals are the same under
natural conditions they could
contribute significant amounts of
pollution to surface waters and
thus may indeed play an important
role in in testinal infections in
humans.
The research which is
currently in progress on Giardia,
voles and human illness should
contribute to our understanding of
the epidemiology of human
diarrheal diseases associated with
protected watersheds and relatively
clean mountain waters .
Information from this research will
be of value to land managers,
sanitary engineers, planners and
operators of small municipal water
supplies, as well as to backpackers
and campers ■

Dr. Glen W . Clark &
Dr. Robert E. Pecha
BIOLOGICAL SCIENCES

Teaching and
Learning from
Chimpanzees

Tatu with Debbie and Roger Fouts .

The possibility of talking to
animals has appeared throughout
time in mythology and fables. In
the early part of this century
scientists attempted to raise apes
as children in order to study their
language capacities. They found
that they cou ld only acquire the
barest rudiments of vocal speech
or none at all. The most successful
of these attempts was with one
chimpanzee who was able to
acquire four spoken words. Many
scientists used this negative
evidence or absence of evidence to
support the notion that humans
are somehow outside of nature
and different in kind from the
"have nots" of the animal world .
In 1966 Professor Fouts was a
graduate student on Project
Washoe wh ich was begun by Drs .
R. Allen and Beatrice T. Gardner .
Their goal was to see if a
ch impanzee could acquire human
gestural language by rearing their
infant chimpanzee, Washoe, as if
she were a deaf human child.
Chimpanzees have difficu lty
controlling their vocalization but
can move their hands with ease;
for this reason sign language was
used. The experiment was a
success because in Washoe's
infancy (her first four years) she
acquired over 130 signs. This
project pointed out the
anthropocentric error of the early
investigators.
Washoe used her sign
language in the manner in which
she had acquired it: spontaneously
and in correct social contexts . She
carried on conversations with her
human companions about events
that occurred during the day . She
would initiate conversations,
comment on things in her
environment and question her
human companions. Her sign
language development compared
very well to that of young human
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chi ldren. She would sign about
things present as well as absent .
For example, she would ask for
friends who weren't w ith her. In
addition she generalized her signs
to a variety of uses : for example,
she used the sign "dog" not only
to refer to rea l dogs, but pictures
of dogs and the sound of barking
dogs.
In 1970 Washoe and Fouts
moved to the University of
Oklahoma where the research
continued w ith Washoe as wel l as
several other chimpanzees. During
that period Professor Fouts
examined the capacity of
chimpanzees to use various
aspects of language behavior. He
studied such th ings as cross modal
transfer between auditory words
and visual signs, comparison of
individual differences between
chimpanzees, generic and specific
use of signs , comprehension and
production of novel prepositional
phrases, conceptual use of sig ns
to describe classes of objects and
the metaphorical use of signs to
describe novel objects. The
evidence for a true cogn itive
continuity between humans and
chimpanzees seemed to be well
established . But the door was not
closed on the issue .
In the mid 1970's other
researchers began to study
language acquisitio n in
chimpanzees. A few of these
ignored what had been done
previously and instead of ra ising
their ch impanzees in an enriching
social sign language environment
modeled after human language
acquisition, they trained their
charges in extensive drill sessions.
One chimpanzee baby was drilled
on sign language in an empty 8 ft .
X 8 ft . room for three to five hours
a day. This continued for almost
four years. The experimenter
found that the chimpanzee would
sign anything to get out of the
situation. He argued that all
chimpanzees, like his own, did not
sign s·pontaneously, would only
sign for rewards and were cued by
human trainers to sign . This
research concluded that language
was beyond the biological capacity
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Was hoe's adopted son , Loulis.

of chimpanzees and therefore
language was unique to humans.
Scientists who had found t heir
academic feet in their academic
mouths because of the results
from Project Washoe were quick
to grasp this confounded research
as support for t heir origi nal notion
that humans were outside of
nature. They arg ued that humans
were requi red to t ra in the
chimpa nzees and even then the
animals only mimicked the huma ns
and did not use their sign language
spontaneously. These critics
choose to ignore the grea t
differences in the approach and
procedures used in t he projects .
After all , if there is one thing
scientific psychology has taug ht us
over t he past 100 years, it is t hat
different experimental procedures
produce different results .
In 1978 Washoe was twelve
years old and old enough to have
a baby. A project was designed to
answer the questions the critics
had ra ised . It was decided to stop
using signs around Washoe and
her fu t ure infants except for seven
signs: who, what, want, which,
where, sign, and name. Otherwise
only vocal English was used to
communicate with her. Fouts
reasoned that if Washoe's infa nt
acquired sign language from her, it
would indicate a chimpa nzee could
spontaneously learn and use sign
language.
Washoe's infant died at two
months of age but a ten month old
male from Yerkes Reg ional Pri mate

Center at Emory University was
found to replace it. W hen Loul is
arrived , Washoe readily adopted
him and eight days later he began
to use his first sign : " person ." In
fifteen months he began using two
sig n combinations . And now, fi ve
years after his arrival , he has been
observed to use 54 different signs,
all acquired from his chimpanzee
mother and signing ch impan zee
friends . Whereas Washoe was the
first ch impanzee to acqu ire a
human language, Loul is was the
first to acquire a human language
from other chimpa nzees .
In 1980 Dr. Fouts joined the
facu lty at Central Washington
University. He now has a fami ly of
five ch impanzees. In addition to
Washoe and Loulis, there are
Moja , Tatu and Dar. These three
were ra ised in their early years by
the Gardners and are excellent
signers. So in addi tion to studying
cultural transmission between
mother and infa nt he is now
exami ning the chimpa nzee-tochimpa nzee conversations that
occur spon taneously within this
fami ly of five . In order to control
the possibility of human cueing
and other in fl uences the
ch impanzees were video taped and
observed on video monitors from a
separate room . In other words,
they were alone w ith the cameras .
This was done in twenty minute
segments random ly dist ribu ted
three times each day for fi fteen
days . In these fifteen hours, 617
chimpanzee conversations were
observed . In anot her study
examining almost 6,000
chimpanzee-to-chimpa nzee
conversations it was found that
almost 90% of these conversa tions
had to do with· t he contexts of
play , reassurance and social
interactions. Only 5% had
anything to do w ith food .
This research goes beyond
merely answeri ng critics. It has
had a direct impact on the areas of
anthropology (language origins) ,
philosophy (what defines human
nature), lingu istics, language
development, zoology
(communication capacities of the
Great Apes) and psychology (the

mental capacities and
communications behavior of
primates). In addition to its
in fluence on the preconceived
notions in scientific thought, it has
also had an influence on human
welfare. By enriching these
chimpanzees' environment and
studying their language acquisition
Professor Fouts has, in the past,
applied what has been learned
from these chimpanzees to the
treatment of noncommunicative
human children . He has devised
and instituted successful language
therapies for autistic children,
cerebral palsied children, brain
damaged children and mentally
retarded children .
When one realizes that this all
started with one infant chimpanzee,
it is amazing to recognize the
tremendous influence that Washoe
has had on scientific thought as
wel l as human welfare ■

Research News Briefs
David Gee. Home Economics & Family Studies, is conducting
research on Lipid Peroxida tion in Burn Patients with support from
the pharmaceutical firm of Mead-Johnson Co.
Stamford Smith, Biological Sciences, w ill be doing work in the
Galapagos Islands this summer on Post-eruption Vegetation with
support from the National Geographic Society .
Don Cummings, English, is developing a project on Computer
Assisted English Composition Instruction .
Earl Glauert, History and University Archives, has prepared and
publ ished a Guide to the Olmstead-Smith Collection with financial
support from the Olmstead-Smith Trust.
James Chatters, Anthropology and the Central Washington
Archaeolog ical Survey, has prepared and published a major report,
Human Adaptation Along the Columbia River 4700-16(X) BP, with
the support of the U.S. Army Corps of Engineers .

Roger S. Fouts
PSYCHOLOGY

Human Adaptation Along the Columbia River 4700-16aJ BP
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Recent Academic Grants & Contracts
Richard Alumbaugh, Psychology
Sex Differences in Aggression
$375, cwu
David Anderson , Mathematics
Textbook - " Exploring Mathematics
Through MINITAB"
$1,400 cwu
Jimmie Applegate, Education
Teacher Preparation Program
$2,400, Supt. of Public Instruction
Laura Appleton , Sociology
Effects of Sex Education on Attitudes &
Activities of 7th & 10th Graders
$1,912, cwu
Ravindra Arudi, Chemistry
Study of Superoxide Radical and Its
Derivatives
$1 ,195, cwu
Luther Baker, Home Economics
Home and Family Life Education
$27,400, Supt. of Public Instruction

Dale Comstock, Graduate Studies
Microcomputer Workshop
$1,652, N.W. College & University Assoc.
for Science .
Dale Comstock, Graduate Studies
Graduate & Professional Opportunity
Fellowships
$33,600, Dept. of Education
Jeff Cox, Music
Violin Study and Search for Contemporary
Scores
$450, cwu
Don Cummings, English
Protocol Analysis of Learning Disabled
Spellers
$1,010, CWU
Anne Denman , Anthropology
Women in Small Towns
$1,400, cwu

David Gee, Home Economics
Lipid Peroxidation in Burn Patien ts
$4,000, Mead-Johnson Co.
Earl Glauert, History
Processing Olmstead-Smith Papers
$1,850, Olmstead-Smith Trust
Gerald Gunn, Economics
Forecasting
$1,400, cwu
Ron Hales, Central Safety Center
Driver Improvement Workshop
$1,418, Spokane County

Mark Halperin, English
Poems
$1,400, cwu
Raeburne Heimbeck, Philosophy
Yoga
$1 ,350, cwu

Terry DeVietti, Psychology
Brain Memory
$1,350, cwu

John Herum
Episodic Memory, Discourse Schemata, and
Story Grammars
$1,400, cwu

Richard Doi, Art
Exploring Potentials of Japanese Calligraphy
$1,400, cwu

James Hinthorne, Geology
NORCUS Faculty Appointment
$14,500, University of Washington

Ann Donovan, Library
Preferred Childhood Stories of College Men
and Women , 1982
$200, cwu

James Hinthorne, Geology
Ion Microprobe Study of Lithium, Boron &
Florine in Unique Metamorphic Minerals
$280, cwu

Minerva Lopez-Caples, Education
Bilingual Education Teacher Training
$106,282, Dept. of Education

Ph il ip Dumas, Biological Sciences
Demography of Four Species of Snakes in
Central Washington
$902, cwu

James Hinthorne, Geology
Micro probe Study in the Frenchman
Springs Basalt Flows
$275, cwu

Ron Caples-Osorio, Education
College Assisted Migrant Program (CAMP)
$91 ,133, Dept. of Education

Clint Duncan, Chemistry
Precipitation in the Washington Cascades
$1,350, cwu

Robert Carlton, Education
Administrator Preparation Program
$1,500, Supt. of Public Instruction

Clint Duncan. Chemistry
Acidity and Lake Susceptibility in the
Washington Cascades
$13,000, Washington Water Research
Center

Karen Jenison, Leisure Services
Host Training Program & Tourism Data
Collection
$12,395, Washington State Division of
Tourism

Luther Baker, Home Economics
Home and Family Life Education
$25,000, Supt. of Public Instruction
Lillian Canzler, Education
A Comparison of Teacher Attitudes
$590, cwu
Minerva Lopez-Caples, Education
Bilingual Education Teacher Training
$106,245, Dept. of Education

J<)mes Chatters, Central Washington
Archaeological Survey
Chief Joseph Dam
$180,370, Dept. of the Army
James Chatters, Central Washington
Archaeological Survey
Cultural Resource Survey
$480, Atlantic Richfield Co .

Clint Duncan, Chemistry
Acid Ra in and Lake Susceptibility in
Washington
$5,000, Environmental Protection Agency
Ilda-Marie Easterling, Foreign Languages
Romain Gary / Emile Ajar Literary Scandal
$1,400, cwu

James Chatters, Central Washington
Archaeological Survey
Lake Pateros Cultural Resource Survey
$598,126, Douglas County PUD

James Eubanks, Organization Development
Behavioral Skill Requirement for Computer
Systems Analysts
$624, cwu

James Chatters, Central Washington
Archaeolog ical Survey
Cultural Re-burial
$3,246, Bureau of Reclamation

Wayne Fairburn, Business Adm inistration
Management Counseling to Small Business
Concerns
$13,350, Small Business Administration

Glen Clark and Robert Pacha ,
Biological Sciences
Animals as Reservoirs of Giardia and
Campylobacter Fetus
$159,913, Environmental Protection Agency

Steven Farkas, Geology
Geological Mapping of Volcanic Rock
$670, cwu

16/CENTRAL WASHINGTON UNIVERSITY

Roger Fouts , Psychology
Tunnel for Facilitating Ongoing Chimp-toChimp Signing Research
$650, cwu

Karen Jenison, Leisure Services
Tourism Data Collection
$15,000, Washington Dept. of Commerce &
Economic Development
Karen Jenison, Leisure Services
Yakima Valley Vintners
$500, Quail Run Vintners
Maggie Johnson, Education
You Are the Expert VII
$3,996, Supt. of Public Instruction
Sheldon Johnson , Biological Sciences
Mammalian Energetics
$1,400, cwu
Robert Jones, Library
College Library Resources Title II-A
$890, Dept. of Education
Robert Jones, Library
Read ing Machines for the Blind
$29,800, Xerox Corporation
David Kaufman, Sociology
The Lower Cowlitz: A Region Under Stress
$850, cwu

Wayne Klemin , Business Education &
Administrative Mngt.
Business & Office Course Guide
$2,000, Supt. of Public Instruction

Jerry Reed , Cooperative Education
Supplemental Funds for Cooperative
Education
$8,701 , Dept. of Education

Edward Klucking, Biological Sciences
Sedimentary Rock Layers
$1,350, cwu

Jerry Reed , Cooperative Education
Off-Campus Job Location
$1,328, Council for Postsecondary
Education

Eugene Kosy, Bus. Ed & Admin . Mngt.
Marketing and Distributive Education
Services
$14,500, Supt. of Public Instruction
Eugene Kosy, Bus . Ed . & Admin . Mngt.
Support and Program Services to SP I
Business and Office Section
$17,189, Supt. of Public Instruction
Eugene Kosy, Bus . Ed . & Admin. Mngt.
CET A - Karen Cole
$446, Commission for Vocational Education
Eugene Kosy, Bus. Ed . & Admin . Mngt .
Support and Program Services
$4,964, Supt. of Public Instruction
Dale Lefevre, Education
Training of Professional Personnel in the
Education of the Handicapped
$82,585, Dept. of Education
Dale Lefevre, Education
Training Workshops for Teachers Serving
Children with Handicapped Conditions
$13,392, Supt. of Public Instruction
Nancy Lester, Foreign Languages
Dostevsky and Unamuno
$1,350, CWU
Richard Mack, Economics
Electrical Generation Facilities
$1 ,350, cwu

Samuel Rust, Education
Training Workshops for Teachers of
Handicapped
$9,936, Supt. of Public Instruction
Samuel Rust, Education
You Are the Expert VI
$2,982, Supt. of Public Instruction
William Schmidt, Instructional Media Center
Exemplary Instructional Media Support
Centers: Their Programs and Innovative
Practices
$1,125, cwu
Dorothy Sheldon-Shrader, Education
Videotaping for PENT A Program
$125, cwu
Stamford Smith , Biological Sciences
Systematics of Asian Trichoptera
$722, cwu
Stamford Smith, Biological Sciences
Post-eruption Revegetation on Isla
Fernandina, Galapagos
$8,650, Nat'I Geographic Society
Stamford Smith , Biological Sciences
Insects of Glacial Streams
$2,330, Nat'I Geographic Society

William Smith, Central Washington
Archaeological Survey
Pilot WARC-WOHP Intern Program
$3,867, Washington Archaeologica l Research
Center
William Smith, Central Washington
Archaeological Survey
Resource Protection Planning Process
$9,302, Office of Archaeology and Historical
Preservation
Myrtle Snyder, Education Opportunity
Program
Higher Education for Learning Disabled
Students
$33 ,552, U.S. Dept. of Education
Hugh Spall , Business Administration
Federal District Court Criminal Cases
$1 ,350, cwu
W illard Sperry, Physics
Picnic X-Rays from Helium
$675, cwu
Thomas Thelean , Biological Sciences
Drosophilia (Fruit Flies)
$1,350, cwu
Philip Tolin, Psychology
Nature of Eye Movements During the
Course of Prolonged Watchkeeping Tasks
$1,400, cwu
Burton Williams, History
Kansas: A History of Midway U.S.A.
$1 ,100, cwu
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Dale Otto, International Programs
English As A Second Language
$16,800, Dept. of Social & Hea lth Services
Dale Otto , Education
Conference on ESL Teaching Methods
$500, Supt. of Public Instruction

.. , know it look s like a
simple study but we had a
heck of a time finding
the little olives! "

Duane Patton, Occupational Ed .
Small Business Internships
$123,924, Commission for Vocational
Education
Duane Patton, Occupational Ed.
Pre-Entrepreneurship Program
$33,567, Washington Employment Security
Duane Patton, Occupational Ed .
Vocational Teacher Education Program
$23,520, State Board for Community
College Education
Dorothy Purser, Physical Education
Paramedic Training Program
$22,706, South Central Region EMS
Council
Pamela Reagor, Psychology
Childhood History and Adult Attitudes
Toward Children
$953, cwu
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